
CONSTANT VELOCITY UNIVERSAL JOINT 

BACKGROUND OF THE INVENTION 
Field of the Invention: 
5 The present invention relates to a constant velocity 

universal joint for connecting a first shaft as one 
transmission shaft and a second shaft as the other 
transmission shaft, for example, in a driving force- 
transmitting section of an automobile. 
10 Description of the Related Art: 

O Constant velocity universal joints are commonly used in 

w motor vehicle applications. The constant velocity universal 

M joint is disposed in a driving force-transmitting section of 

□ an automobile 'for connecting a first shaft as one 

15p transmission shaft and a second shaft as the other 

p transmission shaft so that a rotary force is transmitted to 

hi 

m respective axles. 
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The present applicant has proposed a constant velocity 

universal joint and an assembling method thereof in U.S. § 

fossil cb.HHlf&z-* 

20 Patent Application Serial Nos . 097456,488 and 09/984,898. 

According to the constant velocity universal joint, induced 
thrust performance and durabi/ity are improved by reducing 
slide resistance generated yhen one transmission shaft is 
tilted and a trunnion is displaced along a guide track. The 

25 present invention has be,^n made in relation to this proposal, 

SUMMARY OF THE INVENTION 
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A general object of the present invention is to provide 
a constant velocity universal joint which makes it possible 
to easily assemble a trunnion and an annular member. The 
trunnion has a spherical surface along the circumferential 
direction thereof. The spherical surface is partially cut 
out into a variety of shapes. The annular member has a 
spherical recess having an inner circumferential surface 
corresponding to the spherical surface. 

A principal object of the present invention is to 
provide a constant velocity universal joint which makes it 
possible to assemble a trunnion and an annular member 
regardless of orientation of assembling components. 

Another object of the present invention is to provide a 
constant velocity universal joint having improved 
lubrication performance on a sliding plane between a 
spherical surface of a trunnion and a spherical recess of an 
annular member. 

The above and other ob j ects, features , and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a vertical sectional view showing a constant 
velocity universal joint, in a direction substantially 
perpendicular to an axis of the constant velocity universal 



joint, according to a first embodiment of the present 
invention; 

FIG. 2 is a vertical sectional view showing the 
constant velocity universal joint taken along a line II-II 
shown in FIG. 1; 

FIG. 3 is a magnified vertical sectional view with 
partial omission showing the constant velocity universal 
joint shown in FIG. 1; 

FIG. 4 is a magnified perspective view showing a 
plurality of trunnions including a spider boss section of 
the constant velocity universal joint shown in FIG. 1; 

FIG. 5 is a perspective view showing an inner roller to 
be installed to the trunnion shown in FIG. 4; 

FIG. 6 is a plan view showing the inner roller shown in 
FIG. 5; 

FIG. 7 is a vertical sectional view taken along a line 

VII- VII shown in FIG. 6; 

FIG. 8 is a vertical sectional view taken along a line 

VIII- VIII shown in FIG. 6; 

FIG. 9 is an exploded perspective view with partial 
cutout showing an inner member to be installed to the 
trunnion; 

FIG. 10 illustrates dimensional conditions for 
installing the inner roller to the trunnion; 

FIG. 11 is a magnified perspective view showing a 
cutout surface of a trunnion according to a first modified 
embodiment ; 



FIG, 12 is a magnified perspective view illustrating a 
cutout surface of a trunnion according to a second modified 
embodiment; 

FIG. 13 is a magnified perspective view showing an 
inner roller to be installed to the trunnion shown in FIG. 
12; 

FIG. 14 is a magnified perspective view showing a 
cutout surface of a trunnion according to a third modified 
embodiment; 

FIG. 15 is a vertical sectional view showing a constant 
velocity universal joint, in a direction substantially 
perpendicular to an axis of the constant velocity universal 
joint , according to a second embodiment of the present 
invention; 

FIG. 16 is a vertical sectional view showing the 
constant velocity universal joint taken along a line XVI-XVI 
shown in FIG. 15; 

FIG. 17 is a magnified vertical sectional view with 
partial omission showing the constant velocity universal 
joint shown in FIG. 15; 

FIG. 18 is a magnified perspective view showing a 
plurality of trunnions including a spider boss section of 
the constant velocity universal joint shown in FIG. 15; 

FIG. 19 is a magnified perspective view showing an 
inner roller to be installed to the trunnion shown in FIG. 
18; 

FIG. 20 is a plan view showing the inner roller shown 



in FIG. 19; 

FIG. 21 is a vertical sectional view taken along a line 
XXI-XXI shown in FIG. 20; 

FIG. 22 is a perspective view with partial omission 
showing a state in which the inner roller shown in FIG. 19 
is installed to the trunnion; 

FIG. 23 is a magnified perspective view showing a 
cutout surface of a trunnion according to a fourth modified 
embodiment; and 

FIG. 24 is a magnified perspective view showing an 
inner ring to be installed to the trunnion shown in FIG. 23. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
According to the present invention, a cutout surface, 
which may take a variety of shapes, is formed by partially 
cutting out a spherical surface of each trunnion. As 
described later on, the cutout surface is formed at a 
portion of the trunnion to which no torque is applied. 
International Patent Publication No. WO 90/07067 and 
Japanese Laid-Open Patent Publication No. 7-103251 disclose 
a cutout flat surface made in an outer spherical surface of 
a trunnion. 

According to the disclosure of International Patent 
Publication No. WO 90/07067 and Japanese Laid-Open Patent 
Publication No. 7-103251, when a ring-shaped roller is 
installed to the trunnion having the spherical surface, the 
roller is fitted to the spherical trunnion in a state in 



which the roller is elastically deformed under pressure. In 
contrast, according to the present invention, an inner 
roller is not elastically deformed in installing a spherical 
trunnion to a spherical surface of the inner roller. 
Therefore, the installation can be performed easily. 

Further, in Japanese Laid-Open Patent Publication No. 
7-103251, the flat surface section is formed on the part of 
the spherical surface to which the torque of the trunnion is 
applied. In contrast, according to the present invention, a 
flat surface section or the like is formed on a part of the 
spherical surface, to which no torque of the trunnion is 
applied. 

It will be apparent from the detailed description given 
below that the technical concept of the present invention is 
significantly different from the technical concept disclosed 
in International Patent Publication No. WO 90/07067 and 
Japanese Laid-Open Patent Publication No. 7-103251 in terms 
of the arrangement, function, and effect. Preferred 
embodiments of the constant velocity universal joint 
according to the present invention will be described below. 

With reference to FIGS. 1 and 2, reference numeral 10 
indicates a constant velocity universal joint according to a 
first embodiment of the present invention. 

The constant velocity universal joint 10 comprises a 
cylindrical outer cup (outer member) 14 which has an opening 
and which is integrally connected to one end of a first 
shaft 12 (shown in FIG. 2 with partial omission) as one 



transmission shaft, and an inner member 18 which is secured 
to one end of a second shaft 16 as the other transmission 
shaft and which is accommodated in the opening of the outer 
cup 14. 

As shown in FIG. 1, three guide grooves 20a to 20c, 
which extend in the axial direction and which are spaced 
apart by about 120 degrees respectively about the axial 
center, are formed on the inner wall surface of the outer 
cup 14. As shown in FIG. 3, each of the guide grooves 20a 
to 20c includes a ceiling section 22, and side surface 
sections 24a, 24b formed on opposite sides of the ceiling 
section 22. The ceiling section 22 has a recess curved 
along the outer circumferential surface of the outer cup 14. 
Each of the side. surface sections 24a, 24b have an arc- 
shaped curved surface in cross section. 

As shown in FIG. 1, a ring-shaped spider boss section 
26 is externally fitted to the second shaft 16. Three 
trunnions 28a to 28c, which are expanded toward the guide 
grooves 20a to 20c respectively and which are spaced apart 
by about 120 degrees about the axial center, are integrally 
formed on the outer circumferential surface of the spider 
boss section 26. 

As shown in FIG. 3, each of the trunnions 28a to 28c 
comprises a neck 30 which is expanded radially outwardly 
from the ring-shaped spider boss section 26, and a head 32 
which is formed integrally with the neck 30. 

A first curved surface 33, which has an arc-shape with 



a predetermined curvature as viewed in the axial direction 
of the outer cup 14 (see FIG. 3) and which is formed 
linearly as viewed in the direction substantially 
perpendicular to the axis of the outer cup 14 (see FIG . 2), 
is provided on the upper surface of the head 32. The shape 
of the first curved surface 33 is not limited to the linear 
configuration as viewed in the direction substantially 
perpendicular to the axis of the outer cup 14. The first 
curved surface 33 may have an arc shape having a 
predetermined curvature as viewed in the direction 
substantially perpendicular to the axis of the outer cup 14. 

A second curved surface 34, which is similar to the 
first curved surface 33 described above, is formed on the 
lower surface of the head 32. The second curved surface 34 
is continued to the neck 30. The head 32 further has a 
spherical surface 35 on the outer circumferential surface 
between the first curved surface 33 and the second curved 
surface 34. An unillustrated chamfered section having a 
curved cross section may be provided at a boundary portion 
between the first curved surface 33 and the spherical 
surface 35 and at a boundary portion between the second 
curved surface 34 and the spherical surface 35. 

As shown in FIG. 4, a pair of substantially circular 
flat surface sections (cutout surfaces) 36a, 36b are formed 
oppositely on parts of the spherical surface 35, to which no 
torque between the first curved surface 33 and the second 
curved surface 34 of the head 32 is applied. The trunnions 



28a to 28c are rotated in the circumferential direction of 
the spider boss section 26. Therefore, the torque is 
applied to other parts of the spherical surfaces 35 of the 
trunnions 28a to 28c in the circumferential direction of the 
spider boss section 26. 

As shown in FIG. 3, an inner roller (annular member) 40 
and an outer roller 44 are disposed between the trunnion 28a 
to 28c and the side surface sections 24a, 24b. The inner 
roller 40 is a ring member having a spherical recess 38 
corresponding to the spherical surface 35 of the trunnion 
28a to 28c over the entire inner circumferential surface. 
The outer roller 44 is externally fitted to the inner roller 
40 with a plurality of needle bearings 42 interposed 
therebetween. The outer circumferential surface of the 
outer roller 44 has an arc-shaped cross section 
corresponding to the side surface sections 24a, 24b of the 
guide groove 20a to 20c. The outer circumferential surface 
of the outer roller 44 and the side surface sections 24a, 
24b of the guide groove 20a to 20c make surface-to-surface 
contact with each other. 

The cross-sectional configurations of the outer 
circumferential surface of the outer roller 44 and the side 
surface sections 24a, 24b of the guide groove 20a, 20b are 
not limited to the arc-shaped configurations respectively. 
Each of these components may have a linear cross section. 

The plurality of needle bearings 42 are rollably 
installed into an inner annular recess 46 of the outer 



roller 44. The plurality of needle bearings 42 may be 
installed using the keystone effect so that they are not 
disengaged from the recess 46. 

As shown in FIGS. 5 to 8, the inner roller 40 has a 
substantially elliptic cutout 52 at the boundary between an 
upper surface section 50 and an inner wall, so that the 
trunnion 28a (28b, 28c) can be assembled easily into the 
recess 48 of the inner roller 40. 

In this arrangement, the spherical surface 35 of the 
trunnion 28a to 28c and the recess 38 of the inner roller 40 
make surface-to-surface contact with each other. Therefore, 
as shown in FIG. 3, the trunnion 28a to 28c is rotatable in 
the direction of the arrow A about the point O with respect 
to the inner roller 40. Further, the trunnion 28a to 28c is 
rotatable in the circumferential direction (direction of the 
arrow B) along the spherical surface about the axis of the 
trunnion 28a to 28c. The trunnion 28a to 28c and the inner 
roller 40 are displaceable in the vertical direction 
(direction of the arrow C) together with the needle bearings 
42 supported by the outer roller 44. 

The constant velocity universal joint 10 according to 
the first embodiment of the present invention is basically 
constructed as described above. Next, its operation, 
function, and effect will be explained. 

When the first shaft 12 as a transmission shaft is 
rotated, a rotary force is transmitted to the inner member 
18 via the outer cup 14. The second shaft 16 is rotated in 



a predetermined direction by the aid of the trunnions 28a to 
28c. 

That is, the rotary force of the outer cup 14 is 
transmitted to the inner rollers 40 via the needle bearings 
42 and the outer rollers 44 which make contact with the 
guide grooves 20a to 20c. Further, the rotary force is 
transmitted to the trunnions 28a to 28c via the spherical 
surfaces 35 which make surface-to-surface contact with the 
recesses 38 of the inner rollers 40. Accordingly, the 
second shaft 16, which is engaged with the trunnions 28a to 
28c, is rotated. 

In this arrangement, when the second shaft 16 is 
inclined by a predetermined angle with respect to the outer 
cup 14 having the first shaft 12, then the trunnions 28a to 
28c make sliding displacement in the direction of the arrow 
A about the points O as shown in FIG. 3, or the trunnions 
28a to 28c make sliding displacement in the circumferential 
direction (direction of the arrow B) along the spherical 
recesses 38 about the axes of the trunnions 28a to 28c. At 
this time, the spherical surfaces 35 of the trunnions 28a to 
28c remain in surface-to-surface contact with the spherical 
recesses 38 of the inner rollers 40 . 

The trunnions 28a to 28c are displaceable in the axial 
directions (direction of the arrow C) of the trunnions 28a 
to 28c together with the inner rollers 40 which make sliding 
movement with respect to the needle bearings 42 supported by 
the outer rollers 44. 



The trunnions 28a to 28c are displaceable in the 
directions substantially perpendicular to the axes of the 
trunnions 28a to 28c, i.e., in the longitudinal directions 
(direction of the arrow D) . of the guide grooves 20a to 20c 
(see FIG. 2) by the aid of the outer rollers 44 which make 
sliding movement along the guide grooves 20a to 20c. 

As described above, the rotary motion of the first 
shaft 12 is smoothly transmitted to the second shaft 16 
regardless of the angle of inclination of the second shaft 
16 with respect to the outer cup 14. 

Next, a method of assembling the constant velocity 
universal joint 10 according to the first embodiment will be 
explained below. As an example, the trunnion 28a (28b, 28c) 
is installed into the hole 48 of the inner roller 40. 

As shown in FIG. 10, the trunnion 28a (28b, 28b) is 
inclined by an angle 9 with respect to the inner roller 40 
having the substantially elliptic cutout 52, and the 
trunnion 28a (28b, 28c) is inserted along the substantially 
elliptic cutout 52. Accordingly, the inner roller 40 is 
installed to the trunnion 28a (28b, 28c) . In this case, the 
second shaft 16 extends in the direction substantially 
perpendicular to the plane of paper in FIG. 10. 

In the first embodiment, the pair of substantially 
circular flat surface sections 36a, 36b are formed by 
cutting out the parts of the spherical surface 35 of the 
trunnion 28a (28b, 28c) , to which no torque is applied. 
Therefore, the length of the projection long width X of the 
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spherical surface 35 of the trunnion 28a (28b, 28c) can be 
shortened by an amount corresponding to the cutout. The 
inner roller 40 can be installed to the trunnion 28a (28b, 
28c) with ease. Therefore, it is possible to simplify the 
operation for assembling the inner roller 40 to the trunnion 
28a (28b, 28c) , and it is possible to improve the assembling 
performance . 

The flat surface sections 36a, 36b, which are formed on 
the outer circumferential surface of the trunnion 2 8a (28b, 
28c), function as oil sumps for lubricating oil. 
Accordingly, it is possible to improve lubrication 
characteristics, rotary driving force-transmitting property 
and durability. 

In FIG. 10, 0 represents the assembling angle, R 
represents the radius of the spherical surface 35 of the 
trunnion 28a (28b, 28c) , H represents the half spherical 
surface width of the trunnion 28a (28b, 28c) , r represents 
the short radius of the cutout 52 of the inner roller 40, h 
represents the half width of the inner roller 40 , d 
represents the radius of the neck 30 of the trunnion 28a 
(28b, 28c) , X represents the projection long width of the 
spherical surface 35 of the trunnion 28a (28b, 28c) when the 
assembling angle is inclined by 0, Y represents the 
pro j ection short width of the spherical surface 35 of the 
trunnion 28a (28b, 28c) when the assembling angle is 
inclined by 0, and 8 represents the clearance between the 
cutout 52 of the inner roller 40 and the neck 30 of the 



trunnion 28a (28b, 28c) . 

In this arrangement, the condition, under which the 
projection short width Y of the spherical surface 35 of the 
trunnion 28a (28b, 28c) is smaller than 2R (diameter of the 
spherical surface 35), i.e., the spherical surface 35 
reliably falls within the half width h of the inner roller 
40, is represented by the following expression (1) . 



The condition, under which Y < X is satisfied, is 
represented by the following expression (2). 



The condition, under which the trunnion 28a (28b, 28c) 
and the inner roller 40 make no interference, is represented 
by the following expression (3) . 



The shapes of the trunnion 28a (28b, 28c) and the 
cutout 52 of the inner roller 40 are designed so that the 
expressions (1), (2), (3) are satisfied. It is assumed that 
the assembling angle 0 is larger than the angle defined by 
the axis of the inner roller 40 and the axis of the trunnion 



9-sin" 1 — >0 
R 



(2) 




(3) 



28a (28b, 28c) determined on the basis of the operation 
angle (angle defined by the first shaft 12 and the second 
shaft 16) of the constant velocity universal joint 10 on the 
plane of paper in FIG. 10 (plane including the axial centers 
of the three trunnions 28a to 28c) . 

When the expressions (1), (2), (3) are satisfied, and 
the assembling operation is performed without forcibly 
inserting the trunnion 28a (28b, 28c) into the cutout 52 of 
the inner roller 40, the following expression (4) is 
preferably satisfied. 



Further, when the expressions (1), (2), (3) are 
satisfied, and the assembling operation is performed while 
forcibly inserting the trunnion 28a (28b, 28c) into the 
cutout 52 of the inner roller 40, the following expression 
(5) is preferably satisfied. 



If the size of the cutout 52 falls within the range 
which is twice the operation angle of the constant velocity 
universal joint 10, it is possible to improve rotary driving 
force-transmitting property and durability. If the size of 
the cutout 52 is not less than twice the operation angle, it 




(4) 





is possible to improve forging characteristics. 

FIGS. 11 to 14 show first to third modified embodiments 
of the cutout surface formed on the part of the spherical 
surface 35 of the trunnion 28a (28b, 28c) , to which no 
5 torque is applied. 

As shown in FIG. 11, in the first modified embodiment, 
a pair of bores 56a, 56b, each of which has a substantially 
circular cross section, are formed oppositely, in place of 
the flat surface sections 36a, 36b. It is preferable that 
10 the pair of bores 56a, 56b do not communicate with each 

other. 

W As shown in FIG. 12, in the second modified embodiment, 

S3* 

N; a pair of curved surface sections 58a, 58b, each of which 

Q extends by a predetermined length in the circumferential 

15 O direction, are formed oppositely on parts of the spherical 

□ surface 35. Each of the curved surface section 58a, 58b has 

yj 

a substantially central wide portion which is gradually 
narrowed toward its ends in the circumferential direction. 
In this arrangement, as shown in FIG. 13, it is preferable 
20 that curved surface sections 60a, 60b, which correspond to 

the curved surface sections 58a, 58b of the trunnion 28a 
(28b, 28c) , are formed on the inner circumferential surface 
of the inner roller 40b. 

In the first and second modified embodiments as 
25 described above, the contact area between the spherical 

surfaces of the trunnion 28a to 28c and the inner roller 40 
is increased. Therefore, rotary driving force-transmitting 
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property is stabilized, and it is possible to improve 
durability. 

Further, as shown in FIG. 14, in the third modified 
embodiment, a pair of wide flat surfaces 62a, 62b are formed 
oppositely on parts of the spherical surface 35. With the 
pair of wide flat surfaces 62a, 62b, it is possible to 
improve fluidity of metal lump for forming parts 64a, 64b of 
the spherical surface during the forging process. 

The other function and effect of the cutout surface of 
the first to third modified embodiments are the same as 
those of the first embodiment described above, detailed 
explanation of which will be omitted. 

Next, a constant velocity universal joint 110 according 
to a second embodiment of the present invention is shown in 
FIGS. 15 to 17. The same constitutive components as those 
of the constant velocity universal joint 10 according to the 
first embodiment are designated by the same reference 
numerals, detailed explanation of which will be omitted. 

The same features of the constant velocity universal 
joint 110 according to the second embodiment as those 
described in connection with the method of assembling the 
constant velocity universal joint 10 according to the first 
embodiment as shown in FIG. 10 will not be described again. 
Only different function and effect will be described in 
detail below. 

In the constant velocity universal joint 110, a second 
curved surface 34, which has a radius of curvature different 



from that of a first curved surface 33, is continued to a 
neck 30 under a head 32 of each of trunnions 28a to 28c. 
Further, the head 32 has a spherical surface 35 (indicated 
by a pair of divided spherical surfaces 35a, 35b, if 
necessary) formed on the outer circumferential surface 
between the first curved surface 33 and the second curved 
surface 34 (see FIGS, 17 and 18). 

As shown in FIG. 18, a pair of cutout surfaces 136a, 
136b, which are gently curved in the circumferential 
direction, are formed oppositely by cutting out parts of the 
spherical surface 35 on side surfaces of the head 32, to 
which no torque is applied between the first curved surface 
33 and the second curved surface 34 of the head 32. Each of 
the cutout surface 136a, 136b has a substantially central 
wide portion which is gradually narrowed toward its ends in 
the circumferential direction. Therefore, the side surfaces 
of the head 32 in the circumferential direction include the 
pair of opposite cutout surfaces 136a, 136b each of which is 
formed by the cutout by the predetermined length in the 
circumferential direction, and the pair of mutually divided 
spherical surfaces 35a, 35b which are continued to the 
cutout surfaces 136a, 136b. 

The cutout surface 136a, 136b is not limited to the 
curved surface. The cutout surface 136a, 136b may be an 
unillustrated flat surface. Alternatively, the cutout 
surface 136a, 136b may be a composite surface comprising a 
curved surface and a flat surface. 



As shown in FIGS. 19 to 21, an inner roller 140 has a 
perfectly circular opening 152 (perfect circle) which is 
formed between an upper surface section 150 and an inner 
wall surface so that the trunnion 28a (28b, 28c) can be 
easily assembled in a hole 148 of the inner roller 140. 
When the shape of the opening 152 is the perfect circle, the 
trunnion 28a (28b, 28c) can be easily assembled in any 
circumferential direction in the hole 148 of the inner 
roller 140 as described later on. The assembling operation 
is performed regardless of assembling orientation. 

The constant velocity universal joint 110 according to 
the second embodiment of the present invention is basically 
constructed as described above. Next, a method of 
assembling the constant velocity universal joint 110 will be 
explained below. As an example, the trunnion 28a (28b, 28c) 
is installed into the hole 148 of the inner roller 140. 

As shown in FIG. 22, the trunnion 28a (28b, 28c) is 
inserted in any of directions in the circumferential 
direction of the perfectly circular opening 152 of the inner 
roller 140 while inclining the trunnion 28a (28b, 28c) by an 
angle 6 with respect to the inner roller 140. Accordingly, 
the inner roller 140 is installed to the trunnion 28a (28b, 
28c) . 

In the constant velocity universal joint 110, the pair 
of opposite cutout surfaces 136a, 136b are formed by cutting 
out the parts of the spherical surface 35 of the trunnion 
28a (28b, 28c) , to which no torque is applied. Therefore, 



the length of the projection long width X of the spherical 
surface 35 of the trunnion 28a (28b, 28c) can be shortened 
by an amount corresponding to the cutout. The inner roller 
140 can be installed to the trunnion 28a (28b, 28c) with 
5 ease. 

For example, if the shape of the opening 152 of the 
inner roller 140 is substantially elliptic, the orientation 
of the. assembling operation is limited to the major axis 
direction. In contrast, in the constant velocity universal 
10._ joint 110, as shown in FIG. 22, the trunnion 28a (28b, 28c) 

is inserted in the recess 138 of the inner roller 140 along 

s. i 

*jj the pair of cutout surfaces 136a, 136b. Accordingly, the 

H; inner roller 140 is easily installed to the trunnion 28a 

Ujj 

O (28b, 28c).. The orientation of the assembling operation is 

15p not limited. 

O In other words, when the shape of the opening 152 of 

w 

p the inner roller 140 is the perfect circle, the trunnion 28a 

rU 

(28b, 28c) can be easily assembled in any circumferential 

direction with respect to the hole 148 of the inner roller 
20 140. Therefore, the operation can be performed regardless 

of orientation of assembling. 

As a result, it is possible to simplify the operation 

for assembling the inner roller 140 to the trunnion 28a (28b, 

28c) . Further, it is unnecessary to consider the 
25 orientation of the assembling of the trunnion 28a (28b, 28c) 

with respect to the inner roller 140. Therefore, it is 

possible to improve assembling performance. 
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The cutout surfaces 136a, 136b, which are formed on the 
outer circumferential surface of the trunnion 28a (28b, 28c) , 
function as oil sumps for lubricating oil to be charged into 
the clearance between the trunnion 28a (28b, 28c) and the 
recess 138 of the inner roller 140. Accordingly, it is 
possible to improve lubrication characteristics, rotary 
driving force-transmitting property and durability. 

Next, FIG. 23 shows a trunnion 160a (160b, 160c) 
according to a fourth modified embodiment. 

The trunnion 160a to 160c according to the fourth 
modified embodiment includes a substantially disk-shaped 
head 164 which has a flat surface 162 at the top. A pair of 
opposite spherical surfaces 166, and a pair of opposite 
cutout surfaces 168a, 168b formed by cutting out the 
spherical surface 166 are provided on the band-shaped outer 
circumferential surface of the substantially disk-shaped 
head 164. 

The substantially central portion of the band-shaped 
cutout surface 168a, 168b is slightly wide. However, the 
shape of the cutout surface 168a, 168b is not limited. The 
cutout surface 168a, 168b may be a flat surface, or a 
composite surface including a flat surface and a curved 
surface. FIG. 24 shows an inner roller 140a to be installed 
to the trunnion 160a to 160c shown in FIG. 23. 

In the fourth modified embodiment, the head 164 of the 
trunnion 160a to 160c having the flat top surface 162 has 
the substantially disk-shaped configuration. Accordingly, 



the volume of the head 164 of the trunnion 160a to 160c is 
decreased- It is possible to suppress the load 
(pressurizing force) in forming the trunnion 160a to 160c in 
the forging process, and thus it is possible to improve 
5 forging performance. The other function and effect are the 

same as those of the trunnions 28a to 28c shown in FIG. 18, 
detailed explanation of which is omitted. 

While the invention has been particularly shown and 
described with reference to preferred embodiments, it will 
10 : . be understood that variations and modifications can be 

™" effected thereto by those skilled in the art without 

O 

4f departing from the spirit and scope of the invention as 

defined by the appended claims. 
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